Background-A study was undertaken to investigate the relationships between the intake of the antioxidant (pro)-vitamins C, E and -carotene and the presence of respiratory symptoms and lung function. Methods-Complete data were collected in a cross sectional study in a random sample of the Dutch population on 6555 adults during 1994 and 1995. Antioxidant intake was assessed by a semi-quantitative food frequency questionnaire and respiratory symptoms (cough, phlegm, productive cough, wheeze, shortness of breath) were assessed by a self-administered questionnaire. Prevalence odds ratios for symptoms were calculated using logistic regression analysis. Linear regression analysis was used for forced expiratory volume in one second (FEV 1 ) and forced vital capacity (FVC). The results are presented as a comparison between the 90th and 10th percentiles of antioxidant intake. Results-Vitamin C intake was not associated with most symptoms but was inversely related with cough. Subjects with a high intake of vitamin C had a 53 ml (95% CI 23 to 83) higher FEV 1 and 79 ml (95% CI 42 to 116) higher FVC than those with a low vitamin C intake. Vitamin E intake showed no association with most symptoms and lung function, but had a positive association with productive cough. The intake of -carotene was not associated with most symptoms but had a positive association with wheeze. However, subjects with a high intake of -carotene had a 60 ml (95% CI 31 to 89) higher FEV 1 and 75 ml (95% CI 40 to 110) higher FVC than those with a low intake of -carotene. Conclusions-The results of this study suggest that a high intake of vitamin C or -carotene is protective for FEV 1 and FVC compared with a low intake, but not for respiratory symptoms.
Diet is a relatively new area of interest in the field of asthma and chronic obstructive pulmonary disease (COPD). Antioxidant vitamins are considered to be potentially protective factors in the respiratory system because antioxidants in the lung can scavenge endogenous and/or environmental oxidant sources. [1] [2] [3] A protective eVect of fruit consumption has been reported for lung function 4 5 and for chronic non-specific lung disease (CNSLD). 6 In cross sectional studies a higher intake of vitamin C 7 8 was associated with larger lung volumes; a higher plasma concentration of vitamin C was associated with larger lung volumes in adults 9 but not in children, 5 and a lower prevalence of wheeze and chronic bronchitis, 10 suggesting a protective eVect of vitamin C on respiratory disease in adults. The prospective Zutphen study did not show an association between the intake of vitamin C or -carotene and the incidence of CNSLD. 6 The Nurses Health Study showed no association between dietary vitamin C and the incidence of asthma but dietary -carotene and vitamin E were inversely related to adult onset asthma. 11 In summary, no consistent pattern arises from these studies on the relationship between antioxidant (pro)-vitamin intake and respiratory disease. To our knowledge no results on the relationship between dietary -carotene and lung function have been published.
The MORGEN study (the monitoring project on risk factors and health in the Netherlands) provided the opportunity to investigate the relationships between the intake of the antioxidants (vitamins C, E or -carotene) and the prevalence of a number of respiratory symptoms and lung function simultaneously.
Methods

STUDY POPULATION
The MORGEN study is a cross sectional investigation of the prevalence of risk factors for chronic diseases using self-administered questionnaires and a physical examination in a randomly selected sample of the Dutch population aged 20-59 years in three towns in the Netherlands (Amsterdam, Doetinchem, and Maastricht). The average response rate of the three towns was 50%. A total of 8695 subjects were enrolled in 1994 and 1995 for question-naires and physical examination. Of these, 683 subjects did not perform a lung function measurement for practical reasons such as non-availability of lung function devices, time constraints, etc. Of the remaining 8012 subjects with lung function measurements we excluded pregnant women (n = 47), supplement users (n = 688), and those with missing values on one or more of the confounders (n = 722). Thus, the population for data analysis consisted of 6555 individuals.
DATA COLLECTION
Invitations to participate in the study were sent to a random sample of the population by municipal health services. Those subjects who agreed to participate received two selfadministered questionnaires (general and semi-quantitative food frequency) and underwent a physical examination. The general questionnaire provided information about demographic variables, life style factors (smoking, physical activity, alcohol consumption), environmental factors (presence of pets, dampness of the house, indoor NO 2 sources), chronic respiratory symptoms, and the presence of other chronic diseases (diabetes, migraine, low back pain, neck and shoulder pain). The physical examination included measurements of height, weight, waist-hip circumference, blood pressure, and lung function. Blood (non-fasting) samples were taken for determination of glucose, total and HDL cholesterol.
For the present analyses we defined chronic respiratory symptoms as positive answers to the following questions: "Do you cough when getting up during winter time on most days for at least three months a year?" (cough), "Do you bring up phlegm when getting up during winter time on most days for at least three months a year?" (phlegm), "Have you had productive cough for a period of three weeks in the last three years?" (productive cough), "Have you been troubled by wheezing, not due to a cold or the flu, in the last 12 months?" (wheeze), "Are you short of breath when walking with other people of your own age on level ground?" (shortness of breath), and "Are you being woken by attacks of shortness of breath?" (nocturnal attacks of shortness of breath). These questions on respiratory symptoms were selected from the Dutch part of the European Community Respiratory Health Survey. 12 13 Lung function was measured with a heated pneumotachometer (Jaeger, Germany). Calibration took place twice a day. Measurements were performed by trained paramedics. Subjects were seated in an upright posture with a fixed mouthpiece which was adjusted for the height of each individual and, in addition, a nose clip was used. A maximum of eight manoeuvres was performed. Subjects who did not achieve at least three technically acceptable (of which two were reproducible) manoeuvres of BTPS corrected forced expiratory volume in one second (FEV 1 ) or forced vital capacity (FVC) according to ERS 1993 criteria 14 were excluded from either the FEV 1 or FVC analyses, or both. Analyses were based on the maximum value of the reproducible manoeuvres of FEV 1 and FVC. Pregnant women were not considered in data analysis because the actual lung function could have been attenuated. 15 The food frequency questionnaire was developed for the MORGEN study which is part of the Dutch cohort of the EPIC study (European Prospective Investigation into Cancer and Nutrition). 16 The purpose of the questionnaire was, in particular, to quantify energy and antioxidant intake. 17 18 The habitual consumption of 178 food items during the last year was calculated from the questionnaire. Nutrient and energy intake were quantified for each individual using an extended version of the 1993 computerised Dutch food composition table. 19 In 1991 and 1992 the reproducibility and relative validity of the food groups and nutrients were assessed in a validation study. 17 18 The structure of the food frequency questionnaire did not allow a calculation of the nutrient contribution of vitamin supplements. About 9% of the total study population had used daily vitamin supplements in the last 12 months (vitamin A, C, E and multivitamins; -carotene is not a common constituent in any of the supplements in the Netherlands). Since this number of subjects was too small to be considered in separate analyses they were excluded from the data analysis to reduce possible misclassification of nutrient intake.
DEFINITION OF VARIABLES
The subjects were grouped into three categories according to their educational level: low (intermediate secondary education or less), intermediate (intermediate vocational or higher secondary education), and high (higher vocational or university education). Current smokers were defined as those smoking one or more cigarette(s) a day. Pack-years of smoking were defined for current and former smokers, one pack-year being equal to smoking 20 cigarettes a day for one year.
STATISTICAL ANALYSIS
The shape of the relationship between each antioxidant and respiratory symptoms or lung function was investigated by classifying the antioxidants into quintiles of intake. The cut oV points for each quintile were based on the distribution of the intake of subjects without any chronic respiratory symptoms. Since no essential deviation from linearity was observed, the intake of the antioxidant vitamins C, E and -carotene were entered as continuous independent variables in logistic and linear regression models.
The presence of each respiratory symptom (cough, phlegm, productive cough, wheeze or shortness of breath, and nocturnal attacks of shortness of breath) was used as the dependent variable in logistic regression analyses. 20 The independent variable of interest was the intake of antioxidants as a continuous variable. Prevalence odds ratios (ORs) with 95% confidence intervals (95% CI) were estimated using logistic regression analysis; ORs were presented as a comparison of antioxidant intake in the 90th and 10th percentiles.
Models for FEV 1 and FVC were fitted with multiple linear regression. 20 To select a basic model for FEV 1 and FVC, taking account of sex, height and age, we considered several models using diVerent powers of height and age. The choice of the "best" model was based on assessment of model simplicity, analysis of residuals, and the percentage of variance in FEV 1 and FVC explained by the model. We chose the following basic adjusted model: FEV 1 and FVC divided by height squared as dependent variable with age, age squared, and sex as independent variables. Regression coefficients (in ml) were calculated for a standard height of 1.70 m and were expressed as the difference in FEV 1 and FVC between subjects in the 90th and 10th percentiles of antioxidant intake.
The following confounding factors were considered as independent variables in the model: smoking status, pack years of smoking, educational level, town, energy intake (to standardise the intake of the antioxidants), body mass index (weight in kg divided by height in metres squared), alcohol consumption, physical activity (yes/no), the other two antioxidant (pro)-vitamins, medical treatment for hay fever (yes/no), and environmental factors such as the presence of pets (never/not anymore/currently present), dampness of the house by questions on the presence of damp or mould spots on the walls of homes during the last two years, gas cooking (yes/no), and the presence of an unvented (gas-fired) water heater (yes/no) (as predominant indoor source of NO 2 in homes). In the final models the following variables were adjusted for: age, sex, energy intake, smoking status, and pack years of smoking. Adjustment for educational level was considered to be an over-adjustment in the relationship between antioxidants and lung function or respiratory symptoms so we did not adjust for educational level. We were not able to perform statistical evaluation of the presence of eVect modification of smoking status on the relationship between antioxidants and lung function or respiratory symptoms because of the small numbers in each group. In addition, we could not study the independent eVect of the intake of vitamin C and -carotene adjusting for each other because these two antioxidants are present in the same food groups, such as fruits and vegetables, resulting in a relatively high Spearman correlation coeYcient (r = 0.60).
Results
Of the 6555 subjects available for analyses, 6103 had at least three technically acceptable lung function manoeuvres of whom 5740 subjects had reproducible measurements for FEV 1 and 5633 subjects for FVC. Table 1 shows the characteristics of the total study population for subjects with and without reproducible FEV 1 measurements. We note that the subjects without reproducible FEV 1 measurements consisted of those who could not perform three technically acceptable measurements (n = 452) plus subjects who met acceptability criteria but not the reproducibility criteria (n = 363). The characteristics for subjects with and without reproducible FVC measurements were similar to those subjects with and without reproducible FEV 1 measurements, therefore we only present the latter. For the total population the mean age was 42 years; approximately one third of the study population were current smokers and about half had a low educational level. Subjects without reproducible FEV 1 measurements were older, had a lower educational level and were less physically active but included more never smokers and less alcohol consumers. Table 2 shows that the mean energy and nutrient intake was not diVerent in subjects with or without reproducible FEV 1 measurements; the same was observed for non-reproducible versus reproducible FVC measurements (data not shown).
Possible confounding factors such as sex, smoking status, and educational level were evaluated. The intake of antioxidants was found to be related to these factors. Women had a higher intake of vitamin C and -carotene but a lower intake of vitamin E than men, and current smokers had a lower intake of vitamin C and -carotene but a higher intake of vitamin E than never smokers. The mean intake of the antioxidants was highest in the highest educational level. The dependent variables (respiratory symptoms, FEV 1 and FVC) were also related to these factors. The prevalence of the respiratory symptoms was higher and the mean FEV 1 and FVC was lower in current smokers than in never smokers. Lung function was also associated with educational level, with those in the high education category having better lung function. However, the prevalence of respiratory symptoms was not consistently diVerent between educational levels. The unadjusted prevalence of respiratory symptoms for each quintile of antioxidant intake and the unadjusted and adjusted mean of FEV 1 and FVC for each quintile of antioxidant intake is presented in table 3. There is no deviation from linearity. The results of logistic regression analysis with the intake of antioxidants as a continuous variable are presented in table 4 . The unadjusted and adjusted ORs for respiratory symptoms and the diVerence for FEV 1 and FVC represent the comparison of subjects in the 90th percentile with those in the 10th percentile of antioxidant intake. After adjustment for the considered confounding factors, the ORs of vitamin C intake with most of the symptoms were around 1. The OR of vitamin C with cough was significantly below 1 (OR = 0.66; 95% CI 0.50 to 0.87). FEV 1 was 53 ml (95% CI 23 to 82) higher in subjects with a high intake of vitamin C than in those with a low intake; for FVC the diVerence was 79 ml (95% CI 42 to 116). After adjustment the ORs of vitamin E intake with symptoms were around 1 with a significantly increased OR for productive cough (OR = 1.26; 95% CI 1.02 to 1.56). Vitamin E intake was not associated with FEV 1 and FVC. The adjusted ORs of the intake of -carotene with symptoms were mostly around 1 with the exception of a significantly increased OR for wheeze (OR = 1.27; 95% CI 1.04 to 1.55). However, FEV 1 was 60 ml (95% CI 31 to 89) higher in subjects with a high intake of -carotene than in subjects with a low intake; for FVC the diVerence was 75 ml (95% CI 40 to 110).
The associations between the intake of vitamin C or -carotene and lung function did not change after adjustment for the intake of vitamin E. , presented for subjects in the 90th percentile versus those subjects in the 10th percentile of antioxidant intake-that is, for vitamin C intake 144.9 mg, for vitamin E intake 14.4 mg, and for -carotene intake 2.50 mg. † Prevalence odds ratios (with 95% confidence interval) adjusted for age, sex, energy intake, smoking status, pack years of smoking, presented for subjects in the 90th percentile versus those subjects in the 10th percentile of antioxidant intake. ‡ DiVerence in FEV 1 and FVC (in ml for a standard height of 1.70 m) between subjects in the 90th percentile and those in the 10th percentile of antioxidant intake adjusted for age, age squared, and sex. § DiVerence in FEV 1 and FVC (in ml for a standard height of 1.70 m) with 95% confidence interval (95% CI) between subjects in the 90th percentile and those in the 10th percentile of antioxidant intake adjusted for age, age squared, sex, energy intake, smoking status, pack years of smoking.
Discussion
In the present study we observed that a high intake of vitamin C and -carotene, but not vitamin E, was associated with a higher FEV 1 and FVC than a low intake of these antioxidants. No consistent associations were observed with respiratory symptoms. This suggests that dietary vitamin C and -carotene have a protective eVect on lung function but not on respiratory symptoms. Lung function can be considered as a more objective measurement than respiratory symptoms. The lack of protective eVect of vitamin C and -carotene on respiratory symptoms might be due to reporting bias or due to an altered diet in those with respiratory symptoms. Another reason for the lack of agreement between the results on lung function and respiratory symptoms could be that the relevant lag time for a possible protective eVect of antioxidants on lung function diVers from that for respiratory symptoms.
Educational level was associated with the intake of antioxidants and with lung function but not with respiratory symptoms. This was not observed in other studies. 7 9 10 22 23 However, the present study showed that, after adjustment for educational level, the estimated eVect between antioxidants and lung function decreased which suggests that educational level is a confounding factor. Since subjects in the high educational level are more likely to have a healthy life style which correlates also with a higher intake of antioxidants, we considered that educational level would be a healthy life style indicator which would lead to overadjustment of the relationship between antioxidants and lung function. Other more specific healthy life style factors such as physical activity, alcohol consumption, and body mass index did not materially aVect the relationship between antioxidants and lung function.
The associations between antioxidant intake and respiratory symptoms or lung function may have been biased towards the null due to misclassification of exposure. As with most dietary assessment methods, semi-quantitative food frequency questionnaires have a tendency to random misclassification. In the present study we used a semi-quantitative food frequency questionnaire with correlations similar to those of other validated food frequency questionnaires. 18 23-26 However, the reproducibility and relative validity are often low leading to attenuation of the observed associations.
Subjects who did not meet ERS criteria for technically acceptable and reproducible lung function manoeuvres were excluded from the analyses of dietary antioxidants and lung function. This raises the question of selection bias. The relationship between antioxidants and respiratory symptoms was, however, not materially diVerent between the total group and in the total group excluding subjects who did not meet ERS criteria. Although selection bias can not be totally excluded in the relationship between antioxidants and lung function, it does not seem very likely in this study.
The results of the present study with respect to the intake of antioxidants and respiratory symptoms can only be crudely compared with other studies because respiratory symptoms or disease as outcome were not completely comparable.
We did not find an association between most symptoms and the intake of vitamin C; only cough was significantly negatively associated with vitamin C. In the Nurses Health Study 11 dietary vitamin C was not associated with the incidence of asthma. NHANES II 10 did not show an association between dietary vitamin C and wheeze, but the amount of vitamin C in the diet was associated with the presence of current bronchitis. A protective eVect of serum vitamin C levels was observed with wheeze and current bronchitis. 10 We found that a high intake of vitamin C was associated with a 53 ml higher FEV 1 and 79 ml higher FVC than a low intake. This was consistent with the results of other studies investigating the intake of vitamin C 7 8 22 or plasma levels of vitamin C 9 with lung function. Schwartz and Weiss 8 and Britton and co-workers 7 showed that a higher intake of vitamin C was associated with a higher FEV 1 ; the size of the eVect was of the same order of magnitude as in the present study. 8 The magnitude of the association between vitamin C and FVC in the study of Britton and co-workers 7 was also comparable to that of the present study. Dow and co-workers 22 investigated the association between the intake of vitamin C and FEV 1 and FVC. After additional adjustment for vitamin E the associations were of the same order of magnitude as in the present study and in those of Britton et al 7 and Schwartz and Weiss, 8 but were not statistically significant possibly because of the small sample size (n = 178). In summary, these studies suggest a protective eVect of vitamin C intake on lung function but not on symptoms or disease as outcome.
The intake of vitamin E was not associated with most of the symptoms or with lung function. This is consistent with the study of Britton and co-workers 7 which showed that the intake of vitamin E was not associated with FEV 1 or FVC independent of the intake of vitamin C. In contrast, Dow and co-workers 22 showed that the intake of vitamin E was positively associated with lung function independent of the intake of vitamin C. Troisi and co-workers observed that a higher intake of vitamin E was significantly associated with a lower incidence of asthma. 11 Thus, the results of these few studies are not consistent.
The intake of -carotene was not associated with the prevalence of symptoms in the present study. This is consistent with the Nurses Health Study which showed no association between the intake of carotene and the incidence of asthma. 11 However, we observed that the intake of -carotene was positively associated with FEV 1 and FVC. To our knowledge no results on dietary -carotene in relation to lung function have been published. The intake of total carotene was not associated with FEV 1 , FVC, or the ratio of FEV 1 /FVC among 10 416 subjects in a cross sectional study by Shahar and co-workers. 27 They pointed out, however, that the diVerent carotenoids may have diVerent eVects on lung physiology. Blood levels of -carotene were related to lung function in two studies. A high level of -carotene was not associated with airway obstruction (n = 83). 28 However, the pilot phase of the CARET study among 816 men exposed to asbestos showed that serum levels of -carotene were positively associated with FEV 1 and FVC. 21 In summary, the present study has shown that the intake of vitamin C and -carotene has a protective eVect on lung function but not on respiratory symptoms. The findings on the intake of vitamin C are consistent with those of other studies. The intake of vitamin E had no eVect on respiratory symptoms or lung function which was not completely consistent with the findings of other studies.
